This paper studies the revenue changes of the platform after the free-floating bike sharing platform adopts the monthly strategy, and obtains the best monthly subscription pricing to maximize the platform revenue. Through the comparison of user utility, we divide different types of users, depict the platform requirements, and thus find the platform revenue. We found that when the platform adopts the monthly strategy, if the monthly subscription price is too low, platform's revenue will be reduced. If the price is too high, the revenue will not change. Only in the case of a suitable monthly subscription price, platform revenue will increase. In addition, we find that the growth rate of platform revenue with the optimal pricing of monthly strategy is related to the purchase cost of bike. The lower the purchase cost, the higher the platform revenue growth rate.
Literature Review
Existing literature on sharing vehicles can be broadly divided into two categories according to whether the research problem is vehicle operation or revenue management. However, this paper studies the pricing strategy of free-floating vehicle sharing, belonging to the second category of income management. We will sort out the literature in accordance with these two categories.
One-way rentals pick up in one location and return at another, while round-way rentals pick up and return at the same location. In this article, free-floating vehicle sharing is a special case of one-way rentals. Let's review the literature on vehicle operation in one-way rentals.
One-way rentals in the operational literature can be divided into Data Analyzes, Rebalancing, Placement and Sizing of Stations three categories, respectively, as follows.
Data Analyses: The rich data on bike sharing systems has led to exploratory data analysis, trying to understand user behavior and congestion patterns, and trying to predict traffic between stations. Such work includes Nair et al. [9] , Vogel and Mattfeld [10] , Kaltenbrunner et al. [11] , Lin and Yang [12] , and Singhvi et al. [13] .
Rebalancing: Fricker et al. [14] and Fricker and Gast [15] develop a stylized model of a bike sharing system to identify insights into bike deployment. An important observation is that in a balanced system with zero net flow at all stations, the total number of bicycles in the system should be slightly more than half the number of rackers, the difference being the number of bicycles used at any one time.
Placement and Sizing of Stations: García-Palomares et al. [16] , Martinez et al. [17] and Romero et al. [18] aim to optimize the placement of stations in bike-sharing systems. Kabra et al. [19] uses statistical models to determine whether stations should be large and sparsely located, or small and densely located.
Due to the relatively new modes of free-floating vehicle sharing and the limited number of related documents, we collected as much as possible relevant literature on vehicle operation in free-floating vehicle sharing mode.
Similar to the traditional one-way rentals, the operational issues of free-floating vehicle sharing include Data Analyzes, Rebalancing (Relocation).
However, because the free-floating vehicle sharing model allows customers to return their vehicle anywhere within the operation area, need not to rely on the depot stations. Therefore, the traditional Placement and Sizing of Stations problem will no longer be studied and replaced by the service region design issue.
Data Analyzes: Johannes and Stefan [20] Klaus [21] analyzed the demand impact factors of free-floating bike sharing system based on GPS-Data analysis of Munich's free-floating bike sharing system:
The demand depends on different factors such as weather conditions, time of day and holidays/weekends.
Relocation: Similar to traditional one-way rentals, free-floating vehicle sharing is also faced with an imbalance of supply needs in the operating area, resulting in on one hand there zones, where a shortage of returned bikes occurs, no bikes are available but needed there, on the other hand there are zones, where too many bikes were returned but the demand for renting a bike there is low. A large number of scholars are devoted to studying the most effective relocation strategies and algorithms. Svenja and Klaus [21] give the application of an operator-based relocation strategy based on GPS-Data analysis of Munich's free-floating bike sharing system. By relocating at least some part of the fleet, it's ensured that demand for bikes is optimally satisfied in time and space. In the article of Simone and Klaus [22] , different relocation algorithms for car sharing systems have been described, categorized and evaluated. In addition, the authors propose a new integrated two-step model for optimal vehicle positioning and relocation. Simone and Andrea [23] propose the Vehicle Distance Prediction approach to predict the distance of the nearest available vehicle at a given future instant, which shows vehicles could be moved in advance by the staff to balance the fleet distribute. Long and Zhenyu [24] study the fleet repositioning problem aiming to dynamically match the vehicle supply and travel demand at the lowest total cost of repositioning and lost sales. They develop a computationally efficient multi-stage robust model with enhanced linear decision rule.
Service Region Design: Long et al. [25] studied the planning issues faced by service providers in the design of service geographies to operate the service. This decision required maximizing customer traffic by covering travel needs and controlling fleet operating costs. They developed a mathematical programming model that combines the details of customer adoption and fleet management in an unbalanced travel model.
Next we organize the vehicle sharing revenue management related literature.
Van and Talluri [26] categorize revenue management as quantity-based if its primary tactical tool for managing demand is based on capacity-allocation decisions or price-based if it is based on prices.
Most previous research works on car rental focus on capacity controls (quantity-based revenue management), such as Conejero et al. [27] , Gueeriero and Olivito [28] , Haensel and Mederer [29] , Steinhardt et al. [30] .
In the following section, we will support the notion that dealing with pricing decisions is also important and sufficient for car rental companies and potentially adding some value to the discussion. First, the primary logical reasoning for volume-based revenue management will be based on two research processes.
Then, we will introduce some work that tries to integrate or provide a common framework for dichotomous prices, such as Madden and Russell [31] , they pro-
Gao posed an integer model based on the space-time network of rental locations.
Each model had supply and demand relationships based on pricing levels for various vehicle types, optimized the choice of price levels, and relocated decisions.
This paper also studies the issue of revenue management for the quantity-price of shared vehicles, but differs from Madden and Russell [32] in that: 1)
The research background is different: Madden and Russell [32] studied the traditional one-way rental, and this paper studies the free-floating sharing vehicle.
Due to the traditional one-way rental site setting, the starting and ending points of consumers' expected journey will be affected by the location of the site. In the new mode of free-floating vehicle sharing, the expected journey of the consumer is consistent with the starting point of the actual journey, so that consumer utility is entirely determined by the distance traveled.
2) The research methods are different: Madden and Russell [32] developed a prototype rolling horizon linear programming model, and this paper builds a revenue model by drawing on the method of partitioning needs in the shared economy used by Jiang, Baojun and
Lin [31] .
3) The purpose of the study is different: Madden and Russell [32] are committed to proposing a decision support tool to aid rental car companies in pricing and fleet capacity management decisions, and this article examines the dynamics of the business and analyzes the impact of the current price strategy of sharing vehicles on the revenue, consumer surplus and total social welfare of the platform companies. This article is dedicated to getting relevant management implications.
In the same area as my previous article, Free-floating vehicle sharing platform pricing strategy research [7] , this paper focuses on the free-floating vehicle sharing pricing strategy research. But the difference is that the above studies are for car sharing platforms represented by Car2Go and bike sharing platform represented by Mobike, and compared the influence of fixed pricing strategy and distance-related pricing strategy on the two types of free-floating vehicle sharing platforms. This article focuses on bike sharing platform which adopt fixed pricing strategy, and analyzes the impact of the latest pricing strategy-the monthly strategy, on platform revenue.
Model
We consider a monopoly free-floating bike sharing platform (such as Mobike or Ofo) that provides users with a bike sharing service. Assuming that the user is heterogeneous in terms of the average number of trips per day and the average distance traveled per trip. For simplicity, we assume that users are evenly distri- 
The User Utility
Each user has four choices: buy a bike, rent bikes and pay for usage, rent bikes and pay monthly, do not use (i.e., do not buy or rent) a bike. Let g U represents the utility a user chooses g, where g = b represents the user buys a bike, g = f represents the user rents bikes and pay for usage, g = m represents the user rents bikes and pay monthly, g = n represents the user do not use a bike. We assume 0 n U = , that is, users have zero utility when not using a bike.
We assume that the utility users obtain each time they use the bike is proportional to the distance the user uses the bike. The reason is as follows. In general, users use bikes, there may be two main reasons: one is the need to use bikes to save time because of the urgency of time. The utility of the consumer is proportional to the time saved. If it is assumed that the user stays at a constant speed with the bike, the utility of the consumer is proportional to the distance used.
The two is to get some kind of experience, such as a ride, a play, and so on, and the positive effect of the use of the bike experience is proportional to the use distance. In order to reduce the model parameters, we set the ratio coefficient is 1, that is, the utility obtained by the consumer every time the vehicle is used equals the use distance.
The Utility of Users Buying a Bike
If a user buys a bike, the average daily cost of the bike purchased according to its life span will produce negative effects on the user. In general, the higher the proportion of the daily average cost of purchasing a bike to the daily per capita income of residents, the greater the negative effect of purchasing a bike. For the sake of analysis, we assume that the negative effect of purchasing a bike is equal to the ratio of the daily average cost of bikes to the daily per capita income of residents. Let the ratio be c e , then 
The Utility of Users Renting Bikes and Pay for Usage
If the user does not buy a bike and chooses to rent a bike in free-floating bike sharing platform, due to the free parking of the users, the user may not be able to find the bike every time he wants to rent a bike. Suppose the probability that a user successfully found a bike each time is X. Cheng, Y. Gao probability of finding a bike is positively related to the total number of bikes that the sharing platform launches in the consumer's area, therefore, a can be regarded as the number of bikes in a certain area. Let P represent the cost to be paid to the platform by the user, that is, the rental price of the shared bikes.
Where P f represents the each payment a user renting bikes and pay for usage and P m represents the average daily rental price a user renting bikes and pay monthly. Then if the user chooses to rent bikes and pay for usage, the average daily net utility obtained is equal to the probability of successful rental to a bike multiplied by the average number of bikes used per day multiplied by the difference between each average ride distance and the pay-per-use rent to be paid to the platform, that is:
The Utility of Users Renting Bikes and Pay Monthly
If the user chooses to rent bikes and pay monthly, the average daily net utility equals the probability of finding a successful bicycle multiplied by the average number of vehicles used per day multiplied by the average distance traveled per trip minus the average monthly cost to be paid to the platform, that is:
Since we model from the platform perspective, we refer to category two and category three users as consumers.
Platform's Revenue
A platform with the probability that users successfully found a bike a, obtained
from consumer who rents bikes and pay for usage and has ε times a day on average, therefore, the revenue from all consumers who rent bikes and pay for usage is
f Ω is the set of consumers who rent bikes and pay for usage. The revenue bike sharing platform get from consumers who rent bikes and pay monthly is m P , so the revenue from all consumers who rent bikes and pay monthly is X. Cheng, Y. Gao reality, in reality, the sharing bike firstly introduces the pricing strategy of usage count, and then the monthly model is introduced based on the pricing strategy of usage count. Therefore, the bike sharing platform decision sequence is as follows: 1) When the user only has buy a bike, rent bikes and pay for usage, and do not use a bicycle, the three options, determine the optimal P f to maximize π f . 2)
After joining the monthly strategy, the user has buy a bike, rent bikes and pay for usage, rent bikes and pay monthly, and do not use a bicycle, the four options.
Then pricing by usage count P f does not change, determine the optimal P m for maximizing the revenue of the bike shared platform π. Figure 1 , where the user in the gray shaded area is the user who buys the bike, and the user in the rest of the square is the user who does not buy or use the bike.
Benchmark Model 2: Rent Bikes and Only Pay for Usage
Pricing Strategy (F) When platforms provide renting bikes service and only pay for usage pricing strategy is available, consumers have three options: buying a bike, renting bikes and pay for usage, and not using a bike.
From the proposition 1 in Free-floating vehicle sharing platform pricing 
After a Monthly Strategy
After determining the optimal pay-per-use, now we discuss the situation after the introduction of the monthly pricing strategy. When the platform offers consumers a monthly pricing strategy, there are four options for users to choose from: buy a bike, rent bikes and pay for usage, rent bikes and pay monthly, do not use a bike. According to the hypothesis of economic man, each user only belongs to one of the four groups of user. 
, the consumer will choose to rent bikes and pay monthly.
As we know, group 2 and group 3 are consumers of bike sharing platforms.
4) Users not use a bike
Only when the net utility of users buying a bike 
Platform's Revenue
In order to get the platform's revenue function, we need to further identify four types of user groups. That is to say, it is necessary to determine relative position As the expression of 1 2 3 , , l l l are not related to P m , the user group with the optimal pricing P f is shown in Figure 2 and Figure 3 . Therefore, based on Figure 2 and Figure 3 , we continue our discussion of the relative position of 4 5 6 , , l l l . 
X. Cheng, Y. Gao
From the six dividing line equation is easy to know, the three demarcation lines 
the utility of renting bikes paying for usage is always greater than the utility of renting bikes paying monthly. Therefore, the paying for usage option is always better than the one paying monthly. So when P m is high, the newly added monthly rent-a-bike option will not be accepted by users. Consumption division and platform revenue are consistent with the benchmark model 2. That is why we focus on the situation that 0 m f P aP ≤ ≤ .
2) when 0 m f P aP ≤ ≤ , We can easily judge the relative position of the three demarcations 3 5 6 , , l l l as shown in Figure 4 . In this way, based on the above analysis, we can easily know that the users who fall within the area enclosed by That's because when 1 1 2 e a c − ≤ < , there are no users buying a bike, and the utility of the user renting bikes paying for usage is already high. In order to allow users to shift from pay-per-use to monthly, platform must make the monthly rental price low enough, in order to make the user a higher monthly rent utility.
However, the internal competition through price cuts will make the platform lower revenue. In order to avoid internal friction, when bike capacity and bike costs are both high, platform should maintain its status quo, not to launch a monthly strategy. Proposition 2: The lower bound of the platform's maximum revenue is
That is, introducing monthly strategy, as long as the pricing is reasonable, platform revenue will be higher than before, or at least equal with the previous revenue.
Then we focus on the situation when 0 is always greater than that of a user buying a bike. Therefore, no user will choose to buy a bike, and the user selects among the three options of renting bikes and pay for usage, renting on a monthly basis, and not using a bike, just like Figure 4 in 1). Optimal pricing of the platform with the largest revenue is on the right end, that is, will choose to rent bikes paying for usage, and the users who fall within the rest blank area in the square area will choose not to buy or rent a bike.
We can get the platform's revenue: , , , , l l l l l are as shown in Figure 6 , and find the three demarcation lines 2 4 5 , , l l l intersect at point 
Take the derivative of The introduction of monthly pricing strategy by the platform may give rise to two outcomes for the user's demand. One is the positive impact that adding monthly pricing strategy will convert low-value users who did not previously use a bike to those who are in demand, or may have previously paid high-value users who originally intended to buy a bike to give up buying a bike and choose to rent bikes on a monthly basis. Both of these possibilities will increase the demand for bike sharing platform, and thereby increase the platform's revenue.
Another is the negative impact, the introduction of the monthly strategy, in order to ensure the effectiveness of the strategy, the monthly price will be lower than the previous rental prices. The consumers' demand remains unchanged but consumers pay less, so that the platform's internal demand transformation will reduce the platform's revenue. In summary, the optimal pricing of monthly pricing is the trade-off between the two effects.
2) we know that when 0 1 e c a ≤ < − , the optimal monthly rental price is between Compare mode 2 and mode 3, we found that mode 2 attracts more monthly users while mode 3 has a higher unit monthly price. A comparison of 
Numerical Analysis
After getting the maximum revenue, we compare the platform revenue after the monthly strategy with the previous one and we get the conclusion: appropriate monthly pricing will increase revenue. Because the monthly strategy mainly to attract high-value users who plan to buy a bike and the low value users who do not use the bike, increasing consumers' demand.
So, how much revenue can the platform increase with introduction a monthly strategy?
The calculation and statistics show that the average increase is 3.86% (Table   2 ).
Proposition 5. When e c is smaller, the rate of growth is larger; when e c is larger, the rate of growth is small.
Because the increase income of monthly strategy mainly from the transformation of the original purchase of bikes and people without the use of bike population, when e c is large, the purchase of the bike population itself is small, the market is occupied only by the shared bike platform rented by usage, and the increase of the consumption population is less. When the e c is less, the number of people buying a bike is more, if a monthly strategy is introduced, the number of people that can be transformed is bigger and more income is added.
DOI: 10.4236/me.2018.92021 . At this point, after the introduction of the monthly strategy, reasonable pricing can make the income increase, which is why free-floating vehicle platform later has launched a monthly strategy.
2) Revenue increases, related to e c .
After the monthly strategy was introduced, the increase of platform revenue was related to a and e c . The average increase is 3.8%, and e c is smaller, and greater increase is in the income ratio.
